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Kondo insulator like material FeSb2 was found to exhibit colossal Seebeck coefficient. It would
have had huge potential in thermoelectric applications in cryogenic temperature range if it had not
been for the large thermal conductivity. Here we studied the influence of Te doping at Sb site on
thermal conductivity and thermoelectric effect in high quality single crystals. Surprisingly, only 5%
Te doping suppresses thermal conductivity by two orders of magnitude, which may be attributed
to the substitution disorder. Te doping also results in transition from an semiconductor to a metal.
Consequently thermoelectric figure of merit (ZT ∼ 0.05) in Fe(Sb0.9Te0.1)2 at ∼ 100K was enhanced
by about one order of magnitude when compared to ZT < 0.005 in undoped FeSb2.
The revival of research on the solid state thermoelec-
tric (TE) cooling and electrical power generation de-
vices could be mainly attributed to some attractive fea-
tures, such as long life, the absence of moving parts
and emissions of toxic gases, low maintenance and high
reliability.1,2 Present thermoelectric materials have rela-
tively low energy conversion efficiency that can be evalu-
ated by thermoelectric figure of merit ZT = (S2/ρκ) · T ,
where S is the Seebeck coefficient, ρ is the electrical resis-
tivity, κ is the thermal conductivity and T is the absolute
temperature. Recent efforts to design materials with en-
hanced thermoelectric properties were mainly focused on
reducing the lattice contribution to thermal conductiv-
ity by alloy scattering, superstructures or nanostructure
engineering,3–5 On the other hand, interest in the po-
tential merits of electronic correlation effects was revived
by the discovery of large Seebeck coefficients in transi-
tion metal compounds, such as FeSi6 and NaxCoO2
7.
In a Kondo insulator, localized f or d states hybridize
with conduction electron states leading to the formation
of a small hybridization gap with large density of states
(DOS) just below and above the gape. This resonance
in DOS centered about 2-3 kBT from the Fermi energy
could induce very large Seebeck coefficient, as observed
in FeSi.8–10 Up to now, most of the effort has been con-
centrated on high temperature range and none of the cur-
rent thermoelectric materials achieves sufficient thermo-
electric efficiency at cryogenic temperature range. Space
science applications, cryocooling, and microelectronic su-
perconducting quantum interference devices could be im-
proved by a reliable effective solid state cooling.
Very recently, simply binary compound FeSb2 with an
orthorhombic structure has been characterized as an ex-
ample of strongly correlated non-cubic Kondo insulator
with 3d ions11,12 It was found to exhibit colossal value
of Seebeck coefficient at 10 K and a record high ther-
moelectric power factor S2/ρ ∼ 2300µWK−2cm−1 was
observed.13,14,16 This might imply FeSb2-based materials
with narrow energy gaps and correlated bands could be
good thermoelectrics at cryogenic temperatures. How-
ever, the figure of merit (ZT) is low due to the very large
thermal conductivity values. On the other hand it was
shown that properties of Kondo insulators are sensitive
to chemical substitution17–19. Here, we carefully stud-
ied the influence of Te-doping on Sb-site on thermal and
thermoelectric properties. Only 5% Te doping induces
nearly two-order decrease in thermal conductivity and
the phonon mean free path, which may be attributed to
the substitution disorder. The Te doping also results in
transition from an insulator to a metal. Consequently
a significantly enhanced thermoelectric figure of merit
(ZT ∼ 0.05) when compared with ZT < 0.005 in un-
doped FeSb2 is achieved in Fe(Sb0.9Te0.1)2.
Fe(Sb1−xTex)2 (x = 0, 0.005, 0.01, 0.05) single crys-
tals were grown from excess Sb flux, as described
previously15. The thermal transport properties includ-
ing thermal conductivity, Seebeck coefficient, as well
as electrical resistivity were measured in Quantum De-
sign PPMS-9 from 2K to 300K using one-heater-two-
thermometer method. The direction of heat and electric
current transports was along the c-axis of the crystals
oriented using a Laue camera. The heat capacity of all
samples, which used to derive the phonon mean free path,
were measured also using Quantum Design PPMS-9 in
the same temperature range.
Figure 1 shows the temperature dependence of the
thermal conductivity, Seebeck coefficient and electrical
resistivity of samples with different Te doping level. The
thermal conductivity κ(T ) achieves its maximum be-
tween 12 and 20K for pure FeSb2, peaking at 250 W/K-
m. The Seebeck coefficient changes sign from positive to
negative around 120K, indicating presence of two car-
rier types. The absolute value of S increases rapidly
below 40K, and reaches its nearly constant maximum
value |S(T )|max ∼ 800mV/K in the temperature inter-
val 20K ∼ 10K. This is similar to previous report13,16.
Due to large thermal conductivity, its ZT (ZT < 0.005 at
10K) is very low, which seriously limits the realistic ap-
plications. A slight substitution of Te at Sb sites (0.5%)
significantly suppresses the thermal conductivity by half,
i.e., κmax < 90W/K − m. Further doping with Te in-
duces more significantly decrease in κ, and only 5% Te
doping induces nearly two-order decrease in thermal con-
ductivity. The substitution also induces the significant
suppression of the resistivity and a change to metallic
ground state. The metallic temperature region increases
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FIG. 1. The temperature dependence of thermal conductivity
κ (upper figure), Seebeck coefficient S (middle figure) and
resistivity ρ (bottom figure) of Fe(Sb1−xTex)2 samples with
x = 0, 0.001, 0.01, and0.05, respectively.
with Te doping.
In order to clarify the thermal conductivity suppres-
sion, we have extracted the phonon mean free path. The
carrier contribution to thermal conductivity κc calcu-
lated from the electrical resistivity using Wiedemann-
Franz law κ
τT
= L0 = 2.44× 10
−8WΩK−2 with τ = 1/ρ
shown in Fig. 1(c), is rather small and repesents less
then 1% of the total thermal conductivity. Therefore
κ is dominated by the lattice thermal conductivity be-
low room temperature in all investigated crystals espe-
cially in the region of large S. We estimated the lat-
tice thermal conductivity κL by subtracting κc from the
total thermal conductivity. By using the kinetic for-
mula κL =
1
3
CLνlphonon where CL is lattice specific heat
(Fig.2(a)) and ν is the sound velocity,we calculated the
phonon mean free path, the lphonon for three samples
with Te= 0, 0.01, 0.05 (Fig.2(b)). The phonon mean free
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FIG. 2. The specific heat (a) and derived phonon mean free
path lph (b) as a function of temperature for samples with
x = 0, 0.01, 0.05, respectively.
path is suppressed by nearly two orders of magnitude by
Te doping. The phonon mean free path is very sensi-
tive to the grain boundary and disorder effect that could
enhance the scattering process and suppress the phonon
mean free path. The suppression of lphonon in our sys-
tem most likely originates from substitutional disorder in
doped crystals in the absence of grain boundaries.
The suppression of thermal conductivity and electri-
cal resistivity by Te doping in FeSb2 is expected to en-
hance the thermoelectric figure of merit. Unfortunately,
the Seebeck coefficient is suppressed simultaneously with
thermal conductivity by Te doping, as shown in Fig.1(b).
The peak of S(T ) is also shifts to higher temperature.
But it can be expected that for some doping range there
is an optimal value of Seebeck coefficient, thermal con-
ductivity and ZT.
Fig.3 (a) shows thermal conductivity of
Fe(Sb0.9Te0.1)0.2. It can be concluded that the
thermal conductivity is further suppressed. The peak
value of κ is only ∼ 8W/K −m. A maximum of Seebeck
coefficient ∼ 150µV/K at ∼ 100K is observed, as shown
in Fig.3 (b). Correspondingly, the maximum of ZT
achieves 0.04 at about 100K, which is nearly one-order
of magnitude larger than ZT ∼ 0.005 at undoped FeSb2.
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FIG. 3. The thermal conductivity (a), Seebeck coefficient
and thermoelectric figure of merit (b) of Fe(Sb0.9Te0.1)2 as a
function of temperature.
In summary, we studied the influence on the thermal
conductivity and thermoelectric effect by Te doping at
Sb site in FeSb2 single crystal by the self-flux method.
Only 5% Te doping induces nearly two-order decrease on
thermal conductivity and the phonon mean free path.
This may be attributed to substitutional disorder. The
Te doping also results in transition from a semiconduc-
tor to a metal. Consequently a significantly enhanced
thermoelectric figure of merit (ZT ∼ 0.05) is achieved in
Fe(Sb0.9Te0.1)0.2 at ∼ 100K. Even though this value is
too small to for applications, our study pointed to a direc-
tion for the thermal conductivity suppression in FeSb2.
Note added. We became aware that a preprint was
posted on the arXiv.org with similar conclusion on the
same day of our submission.20.
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